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Shawkey, Lilliana D'Alba, Jakob Vinther, Thomas J. DeVries, Patrice Baby. Tables S1-S8 Supporting Figures S1-S10 Supporting References MUSM and UT Austin. The sandstone bed containing MUSM 1444 lies within a ~20-meter section of thick-bedded indurated medium-grained sandstone interbedded with less indurated, finer-grained, thin-bedded and laminated sandstone. These sandstones also contain marine fish scales of the neritic clupeoids Engraulis and Sardinops and other cycloid fishes, shark teeth, articulated valves of infaunal marine bivalves, and the marine gastropod Peruchilus culberti. The faulted, north-northeast dipping medium-grained sandstone beds grade upward into increasingly thick intervals of laminated fine-grained sandstone with thin-shelled pectinid bivalves and scales of neritic fishes. In a southerly (down-section) direction from MUSM 1444, outcrops of northeasterly dipping coarsegrain bioclastic sandstone disconformably overlie laminated and thin-bedded siltstone and fine-grained sandstone. The bioclastic sandstone contains large numbers of the marine gastropod Turritella woodsi, and marine bivalves such as Cardita newelli, and a small Ostrea species.
An identical section (i.e., of northeasterly dipping basal Turritella woodsi-Ostrea sandstone with an overlying unit of thick-bedded yellow sandstone containing Peruchilus culberti and fine-grained laminated sandstone with marine microfossils and fish scales, the entirety of which disconformably overlies laminated fine-grained marine sandstone and siltstone) is continuously exposed close to the fossil site in sea cliffs bordering the southern edge of Playa Yumaque. A second identical section, the type section of the Otuma Formation (S6), is repeated two kilometers northeast of the sea cliffs with an identical complement of marine macroinvertebrates and fish remains. A late Eocene age for much of the Otuma Formation including the medium-grain Peruchilus culberti-producing sandstones, is supported by ash beds in the Río Ica Valley south of the Reserva Paracas, with 40 Ar- 39 Ar dates of 37.2 and 36.5 Ma in the lower part of the sequence and an ash with an 40 Ar- 39 Ar date of 35.7 Ma in the upper part of the sequence (S7) . Marine strata in the area surrounding Playa Yumaque and the fossil site have been previously referred to the Paracas Formation (S8) or to the more recently denominated Paracas Group. The latter encompasses a lower unit of coarse-and medium-grained sandstone (Los Choros Formation) and an upper unit of finer-grained sandstone and siltstone (Yumaque Formation) (S8, S9). The Turritella woodsi-Ostrea sandstone beds and ochre-colored thick-bedded sandstones containing the Otuma-index gastropod (Peruchilus culberti) as well as MUSM 1444 are equivalent (S6, S7, S9) to strata formerly mapped to the upper part of the Paracas Formation (S8), or alternatively, to the Yumaque Formation of the Paracas Group (S9). Authors previously assigned ages between middle Eocene and Oligocene to strata of the Paracas Formation/Group (S6, S8, S9) . The age of the Otuma Formation initially was considered to be early Oligocene (S6) based on reports of early Oligocene foraminifera and late Eocene to early Oligocene diatoms from fine-grained deposits of uncertain correlation near Salinas de Otuma, Reserva Nacional de Paracas. Comparison of more recently discovered molluscan faunas from southern Peru with molluscan faunas from northern Peru and additional microfossils identified in sections of the Otuma Formation near Carhuas, Quebrada Perdida, and the lower Río Ica Valley, [e.g., the mollusks Peruchilus culberti, Cristispira cochleiformis, Bursa chira, Ficus chiraensis, and Voluta mancorensis in basal sandstones; the radiolarian Artophormis gracilis, and the nannofossils Cribrocentrum reticulatum, and Reticulofenestra bisectus in upper finegrained deposits, subsequently led to the conclusion that the Otuma Formation has a late Eocene age (S7, S10). This conclusion is supported by radiometric dates from Otuma Formation ash beds in the Rio Ica Valley (see above; S7).
Figure S1: A. Line drawing showing the positions of elements within the Inkayacu paracasensis holotype specimen block prior to preparation. B. Photograph of the block after removal of the skull, mandible and left pes with skin preservation. Labels: (a) cranium, (b) mandible, (c) lacrimal, (d) quadrate, (e) atlas, (f) cervical vertebra (g) thoracic vertebra, (h) caudal vertebra, (i) rib, (j) furcula, (k) coracoid, (l) scapula, (m) humerus, (n) feathered partial wing, (o) carpometacarpus, (p) manual phalanx, (q) femur, (r) patella, (s) tibiotarsus, (t) tarsometatarsus, (u) pes with skin preservation, (v) pedal phalanx, (w) isolated contour feathers, (x) probable gastroliths.
III. Supplementary differential diagnosis for Inkayacu paracasensis
Inkayacu is recovered in a clade (Fig. 4 : Clade X) including several species (Palaeeudyptes gunnari, Palaeeudyptes klekowskii) and specimens (Burnside Mudstone taxon [OM GL435]; "Palaeeudyptes sp." of reference S4) previously referred to the taxon Palaeeudyptes (S2, S4). Palaeeudyptes antarcticus, the name-bearing species of Palaeeudyptes, is known with certainty only from the holotype specimen, a partial tarsometatarsus (S4) . The large volume of material previously referred to this species (S2) includes elements not represented in the holotype that belong to multiple distinct stem penguin taxa (S5, S1, S12). The one phylogenetic analysis to include it (S13) incorporated codings into a "P. antarcticus" terminal from these referred specimens (S2), which are now recognized as belonging to multiple taxa (S5, S11) that do not form a clade (S5, S12). With limited character data from the holotype and a single referred tarsometatarsus considered to be reliably referred to the species (S14), the affinities of Palaeeudyptes antarcticus are unresolved (S12). Therefore, it is not possible to determine whether any species form a clade including the name-bearing species to which the name Palaeeudyptes could be justifiably applied. Inkayacu paracasensis and the other species previously assigned to Palaeeudyptes (Palaeeudyptes gunnari, Palaeeudyptes klekowskii and Palaeeudyptes marplesi) are all diagnosably distinct from the holotype specimen of Palaeeudyptes antarcticus, and we do not place the new species within this recognized likely para-or polyphyletic taxon (see also S12).
The tarsometatarsus of Inkayacu paracasensis, is conspicuously broader than that of the Palaeeudyptes antarcticus holotype specimen (ratio of maximum proximal width / length from intercondylar eminence to midline groove of the metatarsal III trochlea is 0.52 versus 0.62). It is also 24% longer than the P. antarcticus holotype, well outside the range of osteological intraspecific size variation observed in extant penguins (S14). The tarsometatarsus is likewise relatively broader than that of P. antarcticus in the other species and specimens recovered as part of Clade X ( Fig. 4; S4) .
Clade X is supported by the derived presence of a deep n. coracobrachialis groove on the anterior surface of the humerus (characters state 221:1; Fig.1, S2 : cns). This groove is present in Inkayacu paracasensis, Palaeeudyptes gunnari and the Burnside Mudstone taxon, but could not be scored from available material for Palaeeudyptes klekowskii. A deep groove was also observed in one other stem penguin taxon, Platydyptes novaezealandiae. Because P. novaezealandiae is supported as five nodes closer to the crown clade ( Fig. 4; S4) , this feature is interpreted as independently acquired. All other Sphenisciformes and outgroup taxa lack this groove (character state 221:0). The absence of the medial proximal vascular foramen of the tarsometatarsus (character state 197:2) is also reconstructed as a synapomorphy of Clade X given current data, though it must be noted the tarsometatarsus is lacking in several key taxa (Pachydyptes, Icadyptes and the Duntroon taxon). This character state is also independently acquired by the clade including Palaeospheniscus and Eretiscus, supported as six nodes closer to the crown clade ( Fig. 4; S4) .
Points of comparisons with the other members of Clade X (Palaeeudyptes gunnari, Palaeeudyptes klekowskii and the Burnside Mudstone taxon) are limited due to the highly incomplete nature of the specimens from which these taxa are known. Comparisons must be made almost exclusively using the humerus and tarsometatarsus. Inkayacu paracasensis is differentiated from Palaeeudyptes gunnari and Palaeeudyptes klekowskii by two characters of the humerus, including the less sigmoid shaft (character state156:0) and orientation of the trochlear process. The posterior trochlear process of the humerus is conformed so that the apex points ventrodistally in Inkayacu paracasensis (Fig. 1H 
IV. Additional description
The skull of Inkayacu is narrow and hyper-elongate ( Fig. 1) , consistent with that of other known giant penguins (S5, S16), though it differs in proportions and morphology. The supraoccipital region of the skull lacks the posterior projection that gives the skull a domed or hooded appearance in extant penguins and, as in all other stem penguins, the temporal fossae are deep and extend to a sagittal crest on the dorsal midline. The complete mandible is straight and narrow; a slight upturned appearance of the tip is due to deformation. At the symphysis, the ventral midline ossification observed in the other known Peruvian giant penguin Icadyptes is absent. The retroarticular fossa is broad and dorsally oriented. The quadrate is apneumatic with an elongate orbital process. Morphology of the quadrate differs strongly from Icadyptes in the proportionally wider caudal condyle and contact between the otic and squamosal capitula at their anterior edge (Fig. S2D, E ). Compared to crown penguins, the cervical vertebrae are elongate. Thoracic vertebrae show strong wasting of the centra and well-developed opisthocoely in the posterior elements, derived morphologies relative to more basal stem penguins. Free caudal vertebrae, unknown for most stem taxa, exhibit the tall neural canals, bilobed neural spines and ventrally deflected transverse processes seen in extant penguin species.
The coracoid possesses plesiomorphic morphologies including a widely flared sternal margin and a deep scapular cotyla. Two distinct sternal articular surfaces are present, a condition unknown in the crown clade and present but uncommonly preserved in stem taxa. The scapula exhibits a strongly convex and well-delineated coracoid tuberosity and a pointed acromion (as opposed to the blunt acromion of extant penguins). In degree of flattening and distal expansion, the blade is intermediate between the rod-like morphology in volant outgroup taxa and the paddle-like shape seen in extant penguins. The furcula bears a well-developed mediolaterally compressed hypocleidium and the acrocoracoid articular surface forms a roughened and elongate expanded surface for a ligamentous connection. This condition in Inkayacu is not present in the basal taxon Waimanu, the several other stem taxa preserving this region, or any extant penguin.
The humerus is more gracile than the otherwise similarly-sized giant penguin Icadyptes. The m. pectoralis fossa is deep and well-bounded ( Fig.1) , supporting a phylogenetic placement crownward of Perudyptes as part of the lineage including all giant penguins and crown taxa. The m. latissimus dorsi insertion scar is rounded and displaced well distal to the supracoracoideus insertion. The m. coracobrachialis caudalis scar is short, dorsally angled, and well-separated from the head of the humerus (Fig. 1) , a plesiomorphic feature relative to Icadyptes and more crownward penguins. The tricipital fossa is undivided. A distinct sulcus for the coracobrachialis nerve is present, a feature otherwise observed only in Platydyptes, Palaeeudyptes gunnari the Burnside Mudstone taxon within Sphenisciformes (Fig. 1, S2, S11 ). Three well-developed trochlear ridges are developed. These ridges differ from Icadyptes in the lesser degree of distal deflection of the anterior trochlear ridge. The radius and ulna are flattened, and the ulnare shares the fan-like expanded morphology (Fig. 3 ) observed in all extant penguins and the two other extinct species preserving this element. The distal end of metacarpal I bears a distinct facet, a plesiomorphy lost in penguins crownward of the Icadyptes polytomy. Metacarpal II and III are subequal in distal projection, a condition plesiomorphic for penguins.
The femur is straight, bears a weakly proximally projected trochanter, and a widened medial condyle that has an unusually tapering distal margin (Fig. 1 ). An apomorphic tab-like muscle insertion projects from the intersection of the caudal intermuscular ridges (Fig. 1) . The patella is sub-rectangular and a large canal for the m. ambiens tendon is nearly but not completely enclosed (Fig. 1) . Weak projection of the cnemial crests characterizes the tibiotarsus (Figs. 1, S2 ). As in other stem penguins, the shaft is strongly anteroposteriorly compressed. The tarsometatarsus is stout and has a strongly concave medial margin. Proximally, it is perforated by only a lateral vascular foramen (Fig. 1) . A well-projected medial hypotarsal crest is present, and at least a small lateral and intermediate crest are preserved though crushing has obscured their true degree of projection. The distal vascular foramen is absent. All pedal phalanges save those of the hallux are intact in association with preserved skin of the left foot, and show the fourth digit is proportionally more gracile relative to the second and third digit than in extant penguin (Fig. S3) . A well-developed collar-like ridge circumscribes the proximal margin of phalanx III-1. Plantar scales are preserved from just distal to the bases of pedal phalanges III-2 and IV-2, and extend to cover the flexor pad of the ungual of digit III (Fig. S3 ). Coloration is lighter on the main block and darker on the counterpart. The scales appear to be approximately the same size throughout; scales from the footpad of digit IV (Fig. S3 ) are on average 1.65mm in diameter. Scales are relatively ordered in the proximal footpad of IV and become less conspicuously aligned distally. Most contact approximately 7 or 8 adjacent scales. On the counterpart, the darkened areas of the scale are conspicuously impressed relative to the areas between the scales. Scales texture is generally similar among most extant penguins. Scales appear to be more raised in Aptenodytes and Pygoscelis than in other extant penguins and the fossil based on scale impressions preserved in the counterpart ( 
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Macaroni penguin (Eudyptes chrysolophus) Figure S5 . Feather length and rachis width of extant penguins feathers (blue dots). Length of fossil feather (orange dot) was estimated from this regression (see also 
V. Analysis of feather melanosomes
There are two chemical variants of melanin, black eumelanin and rusty red (rufous) phaeomelanin, both of which are deposited in feathers and skin of vertebrates in organelles called melanosomes (S17). Although pure eu-and phaeomelanosomes are easily distinguished morphologically, most melanin-based feather colors are produced by a mixture of the two (S17). Thus, color cannot be diagnosed solely on the presence of a single melanosome type and it is necessary to relate melanosome morphology and distribution to the color of whole feathers. We previously showed that black, brown and grey colors can be reliably assigned to extant as well as fossil feather samples based solely on melanosome morphology (S18). Here, we attempted to assign colors to feathers of our fossil penguin sample using the same methodology. To the data from the previous study we added data on melanosome shape and density from 11 penguin species and one subspecies (18 feather samples total) as well as from 7 waterbird outgroups (8 feather samples total, see Table S5 ) related to penguins (e.g., from Clade H of S19). Four of the penguin species/subspecies (Macaroni Penguin, Eudyptes chrysolophus; Little Blue Penguin Eudyptula minor -subspecies variabilis; Rockhopper Penguin Eudyptes chrysocome; King Penguin, Aptenodytes patagonica) had a non-iridescent blue color, while the remainders were dark brown/black. Non-iridescent blue color in birds is based on coherent scattering by organized arrays of keratin and air, and the melanosomes serve only to absorb incoherently scattered white light and not in color production per se (S17, S20). The black color created by the melanosomes themselves is clearly visible on the ventral side of the blue feathers. Extant penguins also have unique and previously described fluorescent pigments limited to yellow head crest feathers (S17), but these appear to be deposited in areas ~20 um long (S17), which we did not observe in either our extant or fossil wing or body contour samples.
To obtain these data, we used scanning electron microscopy in the same manner as previously described (S18). Briefly, feathers were embedded in Epon following the methods outline in reference S20. Barbs and barbules were trimmed from the central rachis, dehydrated using 100% ethanol (20 min.) twice, and infiltrated with 15, 50, 70 and 100% Epon (24 h each step). Infiltrated barbs were placed in block molds and polymerized at 60º C for 16 hours. We then cut thick (5 µm) longitudinal sections of blocks on a Leica UC-6 ultramicrotome, mounted them on stubs with carbon tape, sputter-coated them with silver and viewed them on a JEOL JSM7401F SEM. We used the image-processing program ImageJ (available for download at http://rsbweb.nih.gov/ij/) for analysis of SEM and TEM images.
We measured maximum linear short and long axis length of melanosomes that were oriented perpendicular to line of sight. From these data we calculated mean and coefficient of variation (CV) of long and short axis, and mean aspect ratio (long:short axis). These ratios are an index of shape, and values close to 1 indicate sphericity and values farther from 1 indicate cylindricity. The distribution of granule morphology within feathers was frequently skewed towards one type of morphology, therefore we also calculated the skewness of long and short axis. Finally, we calculated density of melanosomes as total number of melanosomes divided by the total surface area of each image. We collected all data from both barbs and barbules of each extant feather.
Morphological data are summarized in Fig. S6 and Table S3 . Shape and size of melanosomes from outgroup waterbirds were within the range of those from other extant avian feathers, as were long axes of extant penguin melanosomes. However, short axes of extant penguin melanosomes were significantly larger than any other class (all p<0.001), giving them a distinctively large, ellipsoidal to spherical morphology. Furthermore, melanosomes were organized into distinct clusters not seen in any other modern avian taxon ( Figure S9 ). We therefore analyzed extant penguin melanosomes as a separate group in our canonical analysis.
We collected morphological data from SEM images of fossil penguin feathers (Figs. 2, 3 ) in the same manner as the extant bird feathers. Small samples of MUSM 1444 were collected from secondary (P3, P4) and tertiary feathers (P6) (mid section), proximalmost (P2) and distal-most parts (P1) of the covert feathers on the leading edge of the dorsal side of the wing, as well as the distal parts of an isolated body contour feather (P5). The samples were coated with gold (30 seconds) and studied with a Philips XL 30 environmental scanning electron microscope (situated at Yale University, Dept of Geology and Geophysics) at 10kV voltage, high vacuum and a 10 mm working distance. Morphological measurements from the observed melanosomes and their imprints were assembled in the same manner as the modern feathers. These data are summarized in Fig.  S6 and Table S3 .
Three-dimensionally preserved melanosomes were significantly smaller than imprints in both long and short axis (Table S3 , all p<0.01). The cause of this difference is unknown, but a similar difference was not observed in the previous study (S18). Here we assumed that all melanosomes maintained their original shape and thus combined data from both preserved and imprinted melanosomes for analysis. The near identical packing of preserved and extant avian melanosomes (see Fig. 3A) , and the lack of spaces larger than those observed in extant taxa between melanosomes, suggests that they may have maintained their organization in life. Further, the original chemical variants (eu/phaeomelanin) of the melanosomes could lead to differential preservation potential such that smaller melanosomes are preferentially preserved in three-dimensions and other more elongate melanosomes are recorded as moulds or imprints; phaeomelanosomes are chemically different, and characteristically smaller and more spherical than eumelanosomes and may interact in distinct ways during diagenesis and subsurface weathering. However, the differences in size between preservation types necessitates caution, and we therefore also present and analyze data from preserved and imprinted melanosomes separately. All fossil melanosomes were significantly smaller in both long and short axis than melanosomes from extant penguins, and within the range of other extant birds (Fig. S6, Table S3 ). This difference remained significant if we analyzed each preservation type separately (Table S3 , all p<0.01).
These differences between stem and extant penguin melanosome morphologies are evident in the canonical discriminant analysis (Table S4- 5, Fig. S7 ). We used a quadratic discriminant analysis to estimate color of the fossil feathers. This standard method identifies the combination of variables that best separate two or more classes of objects (in this case, melanosomes from black, brown, gray or penguin feathers) (S21). Using data from training points, the classifying variables are loaded onto factors that are then used to estimate classes, and the probability of correct classification, of unknowns. We used a quadratic rather than linear discriminant analysis because some variables showed evidence of collinearity (S21). We used a forward stepwise method to choose variables that contributed significantly (p<0.05) to the analysis and to eliminate those that did not. The variables retained for use in the analysis were melanosome long axis variation (CV) (p=0.001) melanosome short axis (p<0.0001), aspect ratio (p<0.0001), and melanosome density (p=0.037). The discriminant function as a whole was highly significant (Pillai's trace, F 16,228 =7.12, p<0.0001). Canonical axis 1 explained the majority of the variation in the dataset, was highly correlated with the classes and was most strongly associated with aspect ratio (Table S4 ). Canonical axis 2 explained most of the remainder of the variation, was also highly correlated with the classes and was most strongly positively associated with melanosome long axis variation. Canonical axis 3 explained the remainder of the variation and was most strongly associated with melanosome density.
The effectiveness of this analysis was assessed by calculating the proportion of samples of known color that were classified correctly using all individuals in the analysis (self-test) and then using all samples other than the sample being tested (cross-validation) (S21). In the first case only 7 of 62 feathers of known color were classified incorrectly (Table S4) , indicating an 89% accuracy rate for the analysis. In the second case, 2 additional samples were classified incorrectly, indicating an 85% accuracy rate. Most incorrectly classified samples were grey, reflecting the relatively broad distribution of this group seen in Fig. S7 . Data from the fossil penguin clustered with modern browns, greys and occasionally blacks and not with modern penguins. Accordingly, when we used the parameters from the analysis of this training set to estimate the colors of fossil feathers, fossil penguin feathers were largely classified as grey or brown (Table S6 ). Three of the samples (P1, P2, P6) contained only melanosome imprints, while the other three contained mixtures of both types. In two of the latter cases (P3 and P5), use of different preservation types in the analysis yielded different color predictions (Table S6 ). This was expected because the two preservation types differed morphologically as noted above. We consider the colors predicted from combined measurements to be most reliable, but present the other predictions for completeness. All combined samples were predicted with high probability (greater than 80%). Color and melanosome morphology of this extinct species were most similar to grey and brown extant non-penguin taxa and in all cases distant from crown clade penguin taxa. Table S3 . Means ± 1 s.e. and oneway ANOVA of the measurements taken from melanosomes in feathers of extant bird species, and fossil penguin feathers. Melanosomes from fossil feathers were either preserved in three dimensions or as imprints, and we show results when they are considered separately and when they are combined. "Outgroups" are newly added waterbird outgroups (part of clade H S19 ). 
TABLE S5:
Comparison of observed color and color predicted by a quadratic discriminant analysis using morphology and distribution of melanosomes in feathers. Predictions were made in two ways: 1) using the entire data set (self test) and 2) removing the sample being tested from the data set (cross validation). Bold font indicates incorrectly predicted colors. P is the probability of the predicted color being correct. ID refers to the code used on Fig. S7b . "Penguin" refers to identification with the unique melanosome morphology (see above) of penguins. ) were analyzed with all other modern birds. Penguins were clearly distinct and were analyzed separately. For simplicity, only the first two axes (explaining 88% of the variance) are shown. Both panels show the same data but (b) identifies data points of individual extant birds species with letters. Numbers correspond to Table S6 , and in (b) letters correspond to Table S4 . Superscripts indicate whether fossil samples were from imprints (I), preserved melanosomes (P) or both types combined (C).
(a) (b) Fig S8. Scanning electron micrograph of melanosome organization into clusters within the barbs of extant penguin feathers. Scale bar is 5 μm. Table S6 .Predicted colors for sampled regions of MUSM 1444. P = probability of group (color) membership for samples treated as separate imprints (I), preserved with original material (p) or combined (c). Secondary color predictions and associated probabilities are in shown in parentheses. BL= black, GR=grey, BR=brown. 
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IV. Phylogenetic methods and character list
A phylogenetic dataset including 223 morphological characters and ca. 6.5kbp from one nuclear and four mitochondrial genes (RAG-1, 12S, 16S, COI, and cyt-b) was evaluated for 71 taxa (details below). Of the included 8,395 total morphological and molecular characters, 1418 total characters (223 morphological) were parsimony informative. Procellariiformes (13 species) and Gaviiformes (2 species) were used as outgroups, as these taxa have been identified as the closest relatives of Sphenisciformes in analyses of both morphological and molecular data (reviewed in S12, S19, though see S22). The ingroup comprised 19 extant penguin taxa, reflecting ongoing refinement of penguin species limits (S23), 34 extinct penguin species and 3 fossil specimens exhibiting novel combinations of characters but not yet named (S12, S13) including two specimens previously assigned to Palaeeudyptes antarcticus (S2) or Palaeeudyptes sp. (S4). The dataset was evaluated using in PAUP*4.0b10 (S24) with a heuristic search strategy (5000 replicates of random taxon addition with tree bisection-reconnection branch swapping). All characters were equally weighted and branches with a minimum length of 0 were collapsed. 36 characters were ordered (see below). Multistate taxa represent polymorphism. The strict concensus cladogram of 45 resultant most parsimonious trees is presented in full below (Fig. S10 ) and in Fig. 4 .
The age and distribution data for extinct taxa in Fig. 4 are based on a recent review of the penguin fossil record (S12). The inferred early Eocene divergence of Clade X, the recovered clade of giant penguins including Inkayacu, is based on the age of its oldest included taxon, Palaeeudyptes gunnari. The age of the oldest Palaeeudyptes gunnari specimens (25) from the uppermost part of unit TELM 3 of the La Meseta Formation (Seymour Island, Antarctica) is approximately 49.5 Ma based on 87Sr/86Sr data (S26) These data are consistent with proposal that the boundary between TELMs 3 and 4 represents a 49.5Ma eustatic sea level drop (S27). The age of the crown clade in Fig. 4 is based on the oldest fossil crown clade penguins are Spheniscus muizoni (~11-13Ma; S28) and Madrynornis mirandus (~10Ma; S29), Both fossils are nested within the crown clade in our results (Fig. S10) . All other fossil penguin taxa are either significantly younger or fall outside of the crown clade (S12). 
Morphological character list:
We modified a recent phylogenetic matrix including morphological and molecular characters (S12). 7 new characters were identified during study of the new species and added for analysis (characters [217] [218] [219] [220] [221] [222] [223] . Following further specimen examination during the present study, we found 2 vertebral characters (characters 120 and 122 of S12) to exhibit greater levels of individual variation than previously recognized casting doubt on their phylogenetic utility and deleted from the present analysis. We also deleted character 161 of S12 as examination of specimens of Waimanu tuatahi suggests state (0) is present only in Perudyptes devriesi, rendering the character uninformative. The source for the first use of each character in a phylogenetic context is given as abbreviations as follows: AH=S29, B=S30, C=S5, GB=S31, K=S13, KC=S12, OH=S32. 
